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Evaluate the AN/FTA-28 telephone terminal as a potential Interface between a
shore-bae BUD$ terminal and a MAYCOMITA. A permanent and reliable Interface
between the shor, terminal and the NAYCOUSTA Is required for' operational use of the
BUDS In arder to maintain the required signal levels without a feedback.

1. Transmissions of RMDS video data In a digital format via the AN/FTA-2S were
unaftsuesfuL.

2. The 1.3 kM. tone notch filters in the AN/FTA-28 caused a severe signal phase
distortion which resulted In unsuccesful digital transmlussonim

3. Transmission of RMD$ video data In an analog format via the AN/FTA-2S were
wuueeeuful due to added noise by the AN/FTA-2S amplifiers..

As presently configuredp the AN/FTA-2$ telephone terminal does not most the
requirements of an acceptable Interface for the transmission of digital or analog video
data between an BUDSD shore-alt. terminal aod a NAVCOMUTA via commercial tell-
phone lines for half-duplex transmission.

Recommend a more simplified piece of equipment be designed and developed
specifically as ant interface between the shore-site RMDS terminal and the NAVCOM-
STA.
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SECTION 1

INTRODUCTION

I.1 BACKGROUND

I The mission of the Remote Medical Diagnosis System (RMDS) is to improve medi-
cal diagnosis at remote sites. This is accomplished by transmitting medical data and
diagnostic information between remote ship or shore sites and full-capability medical
centers. The RMDS will enable the medical personnel at a remote site to contact a
physician at a diagnostic center (ashore or shipboard) and transmit a visual and auditory
presentation of the medical data needed for diagnosis, such as petient history, 1aborm,-
tory tests, ECG tracingsp, x-ray images, Images of a patient injury, heart-lung sounds,
and verbal descriptions. By return link, the physician will be able to send diagnosis and
treatment information. The communication requirements for this are satisfied by any

* two-way, voice-grade, narrowband communication channel such as telephone line, hf or
uhf radio, or satellite links.

The system as a whole consists essentially of the Remote Medical Diagnosis Ter-
minals (RMDTs), user personnel, and existing voice-grade communication links which
can be used to interconnect the terminals. All the hardware which is unique to the
system is contained in the terminals, including a TV camera, TV monitor, x-ray light

3 box, electronic stethoscope, ECG monitor, audio tape recorder, and audio handsets; and
the electronics package, consisting of signal modulator, damodulator, and modems.

I Shipboard feasibility tests of an early RMDS were completed during FY-75/76.
This testing showed that the concept was feasible and that equipment could be devel-
oped to meet the requirements using available technology. Advanced Development
Models (ADMs) were specified, and procured in September 1977.

U /
The USS ENTERPRISE (CVN-65) was designated as the test ship for the at-sea

tests of the RMDS ADMs. The at-sea tests were performed in February and March
1978. One of the terminals was Installed in the sickbay area on board the USS ENTER-
PRISE. The second terminal was located at the Naval Ocean Systems Center (NOSC),
San Diego, California.

1 These at-sea tests of the RMDS revealed problems at the interface between the
shore-site terminal and the Naval Communication Station (NAVCOMSTA). The RMDS
shore-site terminal achieves access to the NAVCOMSTA telephone switchboard via a

I com mercial telephone line and a hybrid directional coupler, and is then patched through
to the transmitter and receiver, both operating at the same radio frequency (half-
duplex rf link). Thus, the RMDS-NAVCOMSTA link is essentially a two-wire telephoneI line connected to a half-duplex radio circuit.

1.2 PROBLEM STATEMENT

A major problem arose with the above link configuration. The signal levels from
the RMDS terminal to the NAVCOMSTA were subject to amplitude variations and were

I . I



often too low for proper keying of the transmitter. Adding gain at the NAVCOhITA to i
boost the incoming RMDS signal to the required keying level resulted in feedback (as

shown in figure 1) and reception of a "singing" signal at both the shore- site and ship-
board RMDS terminals. The feedback was theorized as occurring in the telephone
switchboard and hybrid directional coupler. Further discussion of this problem can be
found in reference (1), Section 2.3.4,

1.3 OPERATIONAL REQUIREMENT

A permanent and reliable interface between the shore terminal and the NAVCOM-
STA receiver/transmitter is required for operational use of the RMDS with a half-
duplex rf communications link. This interface system must maintain the required
RMDS-to-NAVCOMSTA signal level without causing "singing" (feedback).

1.4 CANDIDATE SYSTEM

A candidate interface system which was identified to potentially solve the above- I,
mentioned problem was the AN/FTA-28 telephone terminal. The AN/FTA-28 was
tested between the RMDS terminals at the Naval Ocean Systems Center (NOSC) and )
the NAVCOMSTA, San Diego, in order to determine its potential applicability as a
telephone line interface between the RMDS and a NAVCOMSTA. In actual application,
the NOSC RMDT would be located at a shore Navy medical facility.

I. NOSC Technical Report (to be published), Remote Medical Diagnosis System
(RMDS)% Advanced Development Model At-Sea Test Report.
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SECTION 2

AN/FTA-28 TELEPHONE TERMINAL

2.1 DESCRIPTION AND SPECIFICATIONS

The following description and specifications are excerpted from reference (2).

2.1.1 General

The AN/FTA-28 provides facilities for connecting various types of two- and
four-wire telephone equipments into a full-duplex radio circuit. The AN/FTA-28 is
compatible with equipments using various signaling options and various types of voice-
controlled modes of operation. The different applications are outlined in para-
graphs 2-2, 2-3, and 2-4 of reference (2).

2.1.2 Voice Operation

The AN/FTA-28 voice circuits counteract fading, reduce noise interference,
and incorporate an antisinging feature. Also, one operating mode provides continuous
radio-link status monitoring by use of in-band control tones. Both the send and receive
circuits can be set by a screwdriver adjustment to provide an output level anywhere
between +3 dBm and -15 dBm. The output level will be maintained within +1 decibel
(dB) of its setting for any input level between +10 dBm and -45 dBm. With The noise-
reduction circuits in use, radio noise during periods of no speech transmission is reduced
at least 20 dB. The noise-reduction circuits will result in reduced gain for weaker
signals, without clipping or distorting the signal. The antisinging feature, a directional
switch th!t looks out the send circuit while the unit is receiving, is operated either by
in-band signaling tones or by the transmitted speech itself, depending on the operating
mode used. When using tone control, the AN/FTA-28 transmits a 1225 Hz tone when in
standby and a 1310 Hz function tone when sending speech. Reception of the 1310 Hz
tone switches the distant terminal to the receive state and looks out its sending cir-
cuits. The use of tones allows continuous monitoring of the radio-link status, with an
outage alarm provided to indicate the condition in which neither tone is detected by the
AN/FTA-28. When desired (as in relay applications), the operation of the directional
switch can be defeated through the tandem control, a circuit closure to ground that
causes a relay to operate in the AN/FTA-28.

2. Operator, Organizational, Direct Support, General Support, and Depot Mainte-
nance Manual Including Repair Parts and Special Tool Lists; Terminal, Telephone
AN/FTA-28; TM 11-5805-443-15/NAVSHIPS 0967-292- 8010/TO 31W1-
2FTA28-1; Departments of the Army, the Navy, and the Air Force, September
1968.
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2.1.3 Signaling Options

The AN/FTA-28 provides a variety of signaling options for compatibility with
different equipments. In response to a 20 Hz ring-in signal from the telephone equip-
ment, a circuit closure to ground, or E- and M-signaling, the AN/FTA-28 can supply
any one of the following signals to the radio oircuits: 1000 He keyed on and off at a

I 20 Hz rate (hereafter designated the 1000/20 Hz signal), 1600 Hz, or a 2150 to 2450
signal frequency shifted at a 69 Hz rate. The A/4/FTA-28 can also process pulse dial
signals up to a maximum rate of 14 pulses per second (pps), for which the AN/FTA-28

i supplies a puked 2150 to 2450 signal frequency shifted at a 240 Hz rate. In response to
incoming ringdown signals received over the radio circuits, the AN/FTA-28 can supply
any of the following ring-out signals to the telephone equipments 20 Hz, 1000/20 Hz,
1600 Hz, or a circuit closure to ground. The ring-in and ring-out signals can be appliedj to the same line, which can (but need not) be the telephone line for speech, or to
separate lines, either or both of which can (but need not) be lines used for speech.

12.1.4 Technical Characteristics

Frequency response Send level output at 0 dBm 11 dB for 300,
1rq500, 700, 900, 1000, 1600, 2000, 2500, and

3000 Hz input (referenced to 1000 He input
at 0 dBm)

I Inputs from switchboard-telephone
circuits:

Voice signals 300 to 3000 Hz

Ring sigfnals:

AC ring 15 to 75 Hz, 50 to 130 volts

Manual ring Ground applied to remote alarm terminals

Switchboard ring 48 Vdo

" Dialing (or switchboard M-lead ( 124 VdW or ± 48 Vdc)
supervision)

9 Outputs to switchboard-

J telephone circuits:

Voice signals 300 to 3000 Hz (1100 to 1400 Hz, reservedJ for control signals)

Ring signals 20 Hz ring generator, E-lead (dial) ± 48 VdW,
1600 Hz, and 1000/20 Hz

" I
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4-wire line input and output 1
signals:

Voice 300 to 3000 Hz (1175 to 1375 Hz, reserved
for control tone signaling)

Control tons signals:

Function tone 1310 Hz

VStandby tone 1225 Hz
Rlngdown signals. 2150 to 2450 Hz frequency-shifted at a 69

or 240 Hz rate; 1000 Hz, on-off keyed at

a 20 Hz rate; steady 1600 Hz

Receive rlngdown input -40 to +10 dBrn

Input/output impedance 600 ohms t 10 percent, ungrounded and bal-
anced with a minimum return lows of 26 dB
over the speech bandpaas

Antisinging control Accomplished by a directional switch which
Is controlled by a spoeeh-actuated, in-band
frequency-shifted tone generated within the

Automatic pain response Fast attack on signal increase, slow retreat

Rlngdown ouptlevel 0 dBm t 1 dB

Dialing output level OdBm it1dB

Control signal output level Adjustable from +5 to -15 dBm; normal out-
put level 0 dBm for standby tone, -10 dBm
for function tone

Noise rdcinAdjustable; between syllables of speech
transmission, radio noise Is reduced by at

Radio circuit outage alarm Activated when standby tone or function
tone fails below -50 dBm (t±5 dB)

6L
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Telephone connections Double-Jack receptacle provides connection
for 2-wire telephone-switchboard operation,
4-wire radiotelephone operation, and 2-wire
local telephone (party line) 4-wire radio
operation

Input power requirements 115/230 volts (± 10 percent) ac; 47 to 440V Hz
O Power consumption 30 watts, maximum

Semiconductor devices:

SNumber of transistors 102

Number of diodes 90

Temperature range:

Operating 0°C to 500 C

Nonoperating -62 0 C to 710 C

EMevation:

Operating Up to 10,000 feet above sea level

Nonoperating Up to 50,000 feet above sea level

Figure 2 shows the AN/FTA-28 in a system application, and figure 3 is a block diagram
of the AN/FTA-28 voice circuits which would be used for both voice and data in the
RMDS-to-NAVCOMSTA link. These figures are taken from reference (2).

2.2 IMPLEMENTATION

2.2.1 Half-Duplex Link

The AN/FTA-28 is essentially designed for operation with a full-duplex com-
munications link. The AN/FTA-28 controls feedback (singing) primarily by turning off
the drive signal to the transmitter whenever it senses an incoming signal from the
receiver. The primary problem in using the AN/FTA-28 for RMDS applications lies in
adapting it to a half-duplex communications link operation. The essential difference
between half-duplex and fuil-duplex, with respect to the AN/FTA-28, is that in a half-
duplex application the AN/FTA-28 cannot distinguish between a signal transmitted by a
remote station and one from its own transmitter. In fact, the proximity of the trans-
mitter and receiver used with the AN/FTA-28 guarantees that the AN/FTA-28 would
sense its own transmitted signal as a "received signal," thereby turning off the trans-
mitter in anticipation of an arriving signal. Then, after a shcort lag period with no other
signal present, the AN/FTA-28 would revert to the transmitting mode, thereby again
generating the receive signal which would turn the transmitter off. This feedback

7
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would continue as long as the RMDS terminal was in the transmit mode. If interfaced
with the RMDS in the half-duplex configuration, the AN/FTA-28 would continuously
start and stop its own signal.

2.2.2 Transmit Control Tone

The AN/FTA-28 terminal can be operated in several modes, and one of these,
the "Voioe Mode 2," could provide a possible solution to the half-duplex operation prob-
lem indicated above. Figure 4 is a simplified block diagram of the AN/FTA-28 Voice
Mode 2. Note that a tone, at the same frequency as the AN/FTA-2B filters, must be
mixed with the RMDS-transmitted signal in order to satisfy the AN/FTA-28 Voice
Mode 2 requirements. This is an easy, practical and inexpensive modification to the
RMDS shore terminal. The AN/FTA-28 would sense the tone transmitted by the WMDS
and would switch to its transmit (send) circuit and simultaneously turn off its receive
circuit, thereby eliminating the possibility of singing. When not actively transmitting,
the AN/FTA-28 would be in the "standby receive" condition.

The transmit tone signal level (from the RMDS) required by the AN/FTA-28 is
in the order of 5 mv. After the control tone is received by the AN/FTA-28, it is then
filtered out of the transmit circuit, making it unlikely that signal degradation from the
tone or its harmonics would occur. Worst-case measurements showed a third harmonic
approximately 40 dB below normal data signal levels. A 1.3 kHz tone notch filter is
Incorporated in the AN/FTA-28 receive circuit to prevent any noise containing the
1.3 kHz tone frequency from triggering the transmit circuit.

Both AN/FTA-28 transmit and receive circuits incorporate amplifiers with
automatic gain control (AGC), so that once set to the required level, the signal level is
held constant. Additionally, the receive circuit provides optional squelch capability.
Figure 5 shows the receive circuit output as a function of input voltage for both squelch
and AGC effects.

10
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SECTION 3

RMDS-AN/FTA-28 TESTING

3.1 DIGITAL TRANSMISSION RESULTS

UAttempts were made to transmit video data in digital format from an RMDS
terminal containing the tone oscillator and mixer shown in figure 4. Transmission pro-
ceeded via commercial telephone lines terminated in an AN/FTA-28, whose output
supplied the signal to a receive RMDS terminal. These attempts were unsuccessful.
Specifically, synchronization was disrupted. Analysis of the AN/FTA-28 circuitry indi-
cated that the 1.3 kHz tno notch filters, rather than the AGC amplifiers, switches,
hybrid couplers, or other * •FTA-28 components, were the most likely cause of signal
degradation. To test this 'pothesis, the tone notch filters were bypassed from the
signal path with temporary leads. With the filters bypassed, there was no apparent
disruption of the digital video data received at the RMDS terminal.

Figure 6 represents the power spectrum of a digital RMDS video signal. From this

figure, it is apparent that the RMDS signal contains important sideband energy in the
region of 1.5 kHz. Figure 6 also shows the amplitude and phase characteristics of the
tone notch filters used in the AN/FTA-28 terminal for frequencies above the notch
filter tuned frequency. The filter response data below the tuned frequency of the notch
filter is not shown because there is no RMDS signal power in that portion of the spec-
trum. It can be seen from these curves that the AN/FTA-28 filters have a significant
deleterious effect on the RMDS video signal by causing considerable attenuation of
important sideband information, as well as severe phase shift. A 2400 bps modem is
part of each RMDS. The data modulates a differential four-phase signal centered on an
1800 Hz carrier. The received differential phase shift keyed (DPSK) signal represents
data coded by means of changes in phase. The detected phase changes are then con-
verted into bits, dibits, etc., as appropriate.

This problem can be solved in a practical and economically feasible manner by
lowering the frequency of the tone oscillator and the notch filters from the presently
implemented 1.3 kHz. A tone frequency between 300 Hz and 1 kHz could be used,
provided that the frequency chosen does not have an adverse impact on speech intelligi-
bility. Since the AN/FTA-28 tone notch filters are easily removed and replaced, differ-
ent filters at a new frequency selected for the RMDS oscillator could be installed in the
AN/FTA-28. The lower frequency tone filters would have a negligible effect on the
frequencies contained in the RMDS power spectk-um. Therefore, an AN/FTA-28 termi-
nal modified for a lower frequency transmission tone would be a suitable interface for
digital data transmitted from an RMDS terminal to a NAVCOMSTA via commercial
telephone line.

3.2 ANALOG TRANSMISSION RESULTS

The AN/FTA-28 was tested using analog video data from one RMDS terminal to
the other terminal via a telephone line. When the AN/FTA-28 was not included in the
circuit, an acceptable image was received. However, when the AN/FTA-28 was added
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to the same telephone line connection, noise added to the received data degraded the
signal-to-noise ratio to such an extent that either the receive terminal was not able to
receive an image, or If an Image were received, it was unacceptable. The most likely
sources of the noise were the AN/FTA-28 amplifiers; and, furthermore, the AGC action
incorporated in the amplifiers aggravates noise problems. Replacing the existing ampli-
fiers with low noisy ones could alleviate the noise problem observed. Time and mone-
tary constraints precluded any further investigation of noise contribution to analog data
transmission by the AN/FTA-28 terminal.
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SECTION 4

CONCLUSIONS AND RECOMMENDATIONS

It is recognized that under most operating conditions, only a half-duplex link
between a ship and a NAVCOMSTA will be utilized. The existing Interface between a
shore-mite RMDS terminal and the NAVCOMSTA switchboardt to operate over a half-
duplex communication link, results in a low of signal level. If the signal level is boosted
to overcome this drop, feedback problems occur between the NAVCOMSTA transmitter
and receiver. It is, therefore, necessary to integrate a permanent interface between a
shore-gite RMDS terminal and a NAVCOMSTA to eliminate the feedback problems.

As presently configured, the AN/FTA-28 telephone terminal does not meet the
requirements of an acceptable interface for the transmission of digital or analog video
data between an RMDS shore-site terminal and a NAVCOMSTA via commercial tele-
phone lines for half-duplex transmissions. Furthermore, even If the AN/FTA-20 termi-
nal were modified for this use, it is a much more complex piece of equipmenat than that
needed for the RMDS-NAVCOMSTA interface requirements, because of its many oper-
ating modes and multifaceted telephone dialing and signal generating capabilities.

It is recommended that a more simplified piece of equipment be designed and
developed specifically as an interface between the shore-site RMDS terminal and the
NAVCOMSTA. This interface equipment should be designed to utilize a control tone
signal to aotivate/deactivate the transmit/reoeive circuitry. The control tone fre-
quenoles must be outside the frequency band utilized by the RMDH terminal for slow
scan transmissions and must not interfere with the preamble frequencies. It is, there-
fore, recommended that this interface equipment be designed as an integral part of the
Engineering Development Models of the RMDS during the next phase of the RMDS
program.
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